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Dynamic Sensitivity Analysis of Turbine-Generator Shaft Train
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Abstract: To address the complex coupling of dynamic loads in turbine-generator shaft trains
under multi-rotor and support boundary conditions, a dynamic load correction method for turbine-
generator shaft trains is proposed. An iterative solution procedure between the shaft-system
response and the dynamic support loads is established, in which continuously varying loads are
decomposed into multiple steady-state iterative processes to approximate a time-domain solution.
An industrial turbine-generator shaft train is taken as the research object, and unbalance response
calculations and analyses are performed. The sensitivity of the shaft-system dynamic
characteristics under the coupled effects of bearing parameters and additional coupling mass is also
investigated. The proposed method is validated by comparison with actual operating data of the

unit. The results show that the rotor response can be accurately predicted while computational
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efficiency is maintained, and the relative error between the calculated and experimental values of

the second critical speed is only 0. 39%, and the error is reduced by 5. 44 % compared with the

traditional method, which verifies the effective-ness of the proposed method. It is shown by the

sensitivity analysis of the coupling and bearing parameters that bearing load and clearance mainly

affect the first critical speed and stability of the shaft train, whereas coupling mass has a more

significant influence on the second critical speed and stability. An effective computational model

and method for shaft-train dynamic analysis and optimization are provided by this study.

Keywords: turbine-generator shaft train; dynamic load correction; parameter sensitivity; system

stability; coupling mass
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Fig. 1 Schematic diagram of the rotor axis trajectory with dynamic load correction
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Fig. 2 Dynamic load correction iterative method process
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Fig. 3 Schematic diagram of turbine-generator shaft train
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Fig. 4 Turbine rotor discrete beam model
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Fig. 5 Generator rotor discrete beam model
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